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(54) bynariilb m print mode Mirreptlbns to cpnfii>en«ate for malfunctibhing inkjet nozzles 



(ST^i bescribed lis a dyhamic multi-pass print inpdo 
cbrrectloh misthpd wliich corrects for malt urictioning or 
inpperfiUaie irik:0j^^^ 

functioning ink ejectibni bfe^ the method comprises 
the steps of obtaining a printmask; identifying ink ejec- 
tion elements whicii- are malfunctioning; ascertaining 
potential repliacenieht ink ejection elements from the 
printmask for the ejection elements which are malfunc- 
tioning; selecting: riBplacement ink ejection elements 
from the potential replacement ink ejection elements; 
and modifyihg the printmask by removing the malfunc- 
tioning ink ejecltidriete from the pfintmaisk ar^d re- 
placing them with th6 selected^ ejection 
elements. 
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This application relates to the subject matter disclosed In U.S. Patent Application. Serial No 
SrMr ""nc Tt^^^^^ of PRINTHEAD NOZZLE FUNCTIONALITY BY OPTICAL SO AN - 

NING Of A TEST PATTERN (Attorney Docket No. 6096014); and US. Patent AppNcation Sbrlf^^ 

. Tiled concurrent herewith, entitled "BIDIRECTIONAL COLOR PR] NTMODES WITH <5PMiQTArs' 

GARED SWATHS TO MINIMIZE HUE SHIFT AND OTHER ARTIFACTS" (AttSne^Sf^^^ 

going patent applications are herein Incorporated by reference. 6096029). The fore- 

FIELD OF THE INVENTIQM 

This invention relates to Inkjet printers using multi-pass printmodes ar)d. more particularly to an inklet Drinter which 
corrects for malf unctfoning or inoperable Ink ejection elements by substituting a f Sy functS^ J^n^SS 

BACKGROUND OF THE INVENTION 

win/r^Tf '"'^^^L^^^'^^Py such as printers, graphics plottere. facsimile machines and copiers have gained 

the H^^iTSi^i"? ""^ technology are further disclosed in various articles in several edftions of 

T, "^■^^f^"^'Jo"'"alV^o^. 36, No. 5 (May 1985), Vol. 39. No. 4 (August 1988). Vol. 39 No 5 (October 19881 
.Vol. 43. No. 4 (August 1992). Vol 43. No. 6 (December 1992) and Vfol. 45, No:i (Februaiy 19M)nncoSSS 

Inlgel hardcopy devices print dots by,^«jtWg very small drops of inkon^ 

L^f^^ T"'^^^,!"^' ""■"^^^ °' "^'^ P""*^^^'^ «ach having ink ejecting hozzl^^SSaSS^^ 
over the surface of the print medium, and the nozzles are controlled to eject drops of ink at aoDroDriate l^eVm.^^^ 
to command Of a microcomputer or other controller, wherein the timlng crf i^^SS^^SeM^^ Sd 
to con-espond to the pattern of pixels of the image being printed ««oi me inK crops is intended 

«uhJIl!J)'f'^^' '"'^j«;!,Prin"^««d (i.e.. the silicon substrate, structures built on the substrate, and connections to the 
L^tsIS " ""^ ^'««*'«' «>"°rants or pigments dispersed in a solvent). It has an array^rpre^^^^^^ 

fomied onfwes or nozzles attachedto a printhead substrate that incorporates an array o ink eiectk«VcS^l2e^^^ 
receive liquidinkfrom the ink resen^oir. Each chamber is located oppTtte the nozzle so nk cSSlcSSSS 
«ie r«^Tn^ e^ecttoh of ink droplets is typically under the cont^ of a rnicroprocesS^SSrSSl : 
w^veyed by electncal traces to the resistor elements. When electric printing pulses hea^ the ihffiilrig^lSlS 
resis or. a small portion of the ink next to it vaporizes and ejects a.drop of ink f^ the printheirPtopeSy aSS 
nozzles lorm a dot matrix pattern. Properly sequencing the operatkxi of each nozzle causes character oVimaaes to 
be printed upon the paper as the printhead moves past.the paper. characters or images to 

At eaTh If «'rii^«.!^"'^'"K^ the nozzles is moved repeatedly across the width of the medium to be printed upon 
At each o a designated number of increments of this movement across the medium, each of the nozzles is caused 

oomple ed movement across the medium can print a swath approximately as wide as the number of nozzles arrayed 
.n a column of the ink cartridge multiplied times the distance between nozzle centers Aft^ Jach s"h ^e^S 
movement or swath the medium is moved forward the width of the swath, and the ink cartnXbt^ins the nSSf 
By proper selection and timing of the signals, the desired print is obtained on the medium 

Color Inkjet hardcopy devices commonly employ a plurality of print cartridges, usually either two or four mounted 
^TZ'JT ti::^""" ^ ^'^'^ ^ cartridges, LchprircairTd^ 

JZT T ir^'^ "^'^ -^y^"- -^S^"^- y«"o'. and b Jk.Tn a p nfer wTh two 

cartndges. one cartrKjge usualVcontalns black ink with the other cartridge being a tri^ompartment caScoJ^^^li^^^ 
the base cotor cyan, magenta and yellow inks. The base colors are produced on the medi by SSttina a d^o%T« 
required color onto a dot location. While secondary or Shaded colors are fomied by depcT^^^ 

base cotor mks onto the same dot locatton. wfth the overprinting of two or more bas? cotor? prZX me sl^^J 
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colors according to well established optical principles. 

For many applications, such as personal connputer printers and fax machines, the ink reservoir has been incorpo- 
rated into the pen body sudi that when the pen runs out of Ink, the entire pen. iricluding the printhead. is replaced. 
However, for other hardcopy applications, such as large format plotting of engineering drawings, color posters and the 

5 like, there is a requirement for the use of much larger volumes of ink than can be contained within the replaceable 
pens. Therefore, yark>u8 pff^bpard Ink reservoir systems have been devebped recently which provide an extemaL 
stationary ink suppV The e}cternai stationary ink supply may connected to the scanning cartridge or pen via a tube, or 
alternatively, thei scanning cartrkjge or peri nnay move to the stationary Ink supply and refill by 'taking a gulp" from the 
ink supply, the e)rtemal; ink supply is typicality known as an "off-axis." "off -board," or "off -carriage" ink supply. 

10 The print quality, pro^ an Inkjet device is dependent upon the reliability of its ink ejection elements. A 

multi-pkss: print rnode car) partially mitigate the; impact of the malfunctioning ink ejection elements on the print quality. 
However, wtieri^i^^ are nfialfunctioning. the multi-pass print mode can no longer 

solve the ifilage quali^^^^ caused by the malfunctioning ink ejection elements and the pen has to replaced in 

orderto bbtaih sfirtfe^ 

IS Acrordihgly, vitia^ whteh corrects for rrialf uncttoning pr inopefable Ink ejection elements by 

substituting a fully functioning ink ejectton element. 

SUMMARY OF THE INViENnON 

20 The present inv^ntiorl provides a dynamic multi-pass; pririt rnode correction method whk)^ corrects for nnalf unc- 

tionih^ or ihbperBible ink ejection elerrients by substituting a. fully f unctionirig Ink ejectibn element. The method com- 
prises the steps of obtaining a printmask; dentifying ink ejection elenrients which are^m ascertaining po- 
tential replacement ir>k^jectioh elements from the printmask for the ejectfori eteitients: which are malfunctioning;: se- 
lecting, repiacerinientiln^^^^ modifying the 

2S printmaskbyrerhpvingfe 
riepiiEU^^rhentiilii^^ 

B Rl EiF PESCRI PTION OF TH E DRAW! NGS =^ 

30 Fig. 1 is an^pmetric or perspective exterior viewof a large-fbrniat printer-plotter which In a preferred erh^ 

of the present invention, 

Fi§?S: |s a iii^^ifi^^ cover of the 

large-fornriat jprihter-pfdtter shd 

Fig. 3 is a like vieW of a printing medium advance mechanism which is also mounted within the case or cover of 
35 the large-format printeri^lottbr shown in Fig. 1 . in association with the carriage as indicated in the broken line in Fig. 3, 
Fig. 4 is a like view, but more-detailed view of the carriage and.carriage drive mechanism of Fig. 2. showing the 
printhead means or pens whfch it carries. 

Fig. 5 is a bottom plan view of the printhead means or pens of Fig. 4 showing their nozzle arrays. 
Fig. 6 is a perspective or isometric view of an ink refill cartridge for use with the Fig. 4 and 5 pens. 
40 Fig. 7 is a flowchart showing the method of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention is in the first cohnmercial high-resolution color printer/plotter to 
45 print bi-directionally without full-height offset of the pens in the direction parallel to the printing medium advance. 

As shown in Fig. 1 . the printer/ptotter includes a rt»ain case 1 with a window 2. and a lefthand pod 3 that encloses 
one end of the chassis. Within that pod are carriage support and drive mechanics and one end of the printing medium 
advance mechanism, as welt as a pen reflll cftation with supplemental ink cartridges. The printeryjplotter also includes 
a printing medium roll cover 4, and a receiving bin 6 for lengths or sheets of printing medium on which images have 
so been formed, and which have been ejected from the machine. A bottom brace and storage shelf 6 spans the legs which 
support the two ends of case 1 . Just above the print medium cover 4 is an entry stot 7 for receipt of continuous lengths 
of printing medium 4. Also included are a lever 8 for control of the gripping of the print medium by the machine. 

A front panel display 11 and controls 12 are mounted in the skin of the right hand pod 1 3. That pod ericloses the 
right end of the carriage mechanics and of the medium advance mechanism, and also a printhead cleaning station. 
65 Near the bottom of the right hand pod for readiest access is a standby switch 14. 

As shown in Fig. 2. within the case 1 and pods 3, 1 3 the carriage assembly 20 is driven in reciprocation by a motor 
31 along dual support and guide rails 32, 34 through the intermediary of a drive belt 35. The motor 31 is under the 
control of a digital electronic mteroprocessor (not shown). 
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A very finely graduated encoder strip 33 is extended taut along the scanning path of the carriage assembly 20 
^1 opto-eiectronic sensor to provide position and speed information for the microprocessor' 

The code strip 33 thus enables formation of color ink drops at ultrahigh precision (as mentioned earlier, typically 24 
rSlT.'?^?"""° ^f '^^^ carriage assembly 20 in each direction, i.e , either left to right (fonward^or right to 

left (back). A currently preferred kjcation forthe encoder strip 33 is near the rearof the carriage tray (remote frcT he 

behind the pens 23-26 mounted in carriage 20 is another advantageous positton for the strip 36. For either p«Ston 
the st^rlT' " optical beam passing through orifices of transparent portions «?f a scate for^S. 

«.«„'tr?I"f"^' '''^If" f^' ^ ^ worn, gear 44 rotates under the carriage assembly 20 

scan track to dnve sheets pr lengthsof printipg medium 4A in a rtiediurn advance directton perpendicular to the sc^, 

■ f^C^SJf -""^ P""' -"Odium roll cover s; passed::unde?tl2 pen 

assembly 20 to rweive ink drops for forrnatlpn of a desired image, an^ ^■ 

Referring to Fig. 4, the carriage assembly 20 includes a previously mentioned rear tray 21 carrying varfous elec- 
tron«s It also includes bays 22forpreferabVfourpens 23-26 holdinginkoffourdifferentcolL^r^^^^ 
IITZ : T' ""^^^"^ '^'^'^'^ 26. Each of these pens, particularly iraUge fo^ 

printer/ptotter as shown, preferably includes a respective ink refill valve 27 niargeiormat 

Referring to Fig. 5 the pens, unlike those in earlier mixed resolutton printer systems, all are relatively long and all 
have nozzle spacing 29 equal to one-twelfth mBlimeter along each of two parallel columns.of nozzles TiesTt-^ 
columns conta«i respectiVeV the odd-numbered nozzles 1 to 299. and even-numbered noz^es 2 to io^e two 
ST^il % ^ ^""^'^ '"^ vertically by half the nozzle spacing, so Ih^ 

the effective pitch of each twoK»lumn nozzle array is one-twenty-fourth millimeter The natural resolution of tS noSfe ■ 
array in each pen IS thereby n^detwenty-four nozzles (yielding twenty^four p^^^^ . 

Referring to Fig. 6, for re-supply of ink to each pen the system iricludas a refill cartrklb^ SI. with a valve 52 
• leftSndtS rt'^^^'^T ?'?!"^ "^'^ SMPP^Iy tubing within the pririter^ilO^^^^ refill: station in the 

lefthand pod 3. Each supply tulje in turn can oorriplete the connection to.the prevtously mentioned refill valve^7 on a 

^rt^^sl^.T °' f r "^"^ ''^"^ ^ A user manually insSich SiU 

cartridge 51 into the refill station as needed. • V 

In o^i^^SS treated identical^as tospeMandmostother pa^ 

Iri one prefer ed enibodimerit the number of printhead nozzles used is 

height of the pen over a range of plus or minus 30 nozzles, at 24 nozzlesAnm. or.±36y24 = ±1 1/4 mm. withbut an? 

H °" " ""^r" P""' direction. AlignrDentpf the pens can b^^heSa^ 

matically. and corrected through use of the extra nozzles . r- . . i .i«»»,ivBaaufp- 

f,act^n*^*j;^«11nnT"*'"'^*w ^ T"' ^"-^o«" Of laying down in each pass of the pen only a 

fraction of the total ink required in each sectfoo of the image, so that any areas left white in each pass are filled in by 

a sln^e^ullv^t^m«;'"'''"^^"^'" ^T"^^"* ^^"^ P^""' ^"'^"^^ way in which these different patterns add up to 
F«r «J«mn o 'mase ,s known as a -pHhtmode.- Printmodes allow atrade^ between speed and image quality: 
For example, a pnnter^s draft mode provides the user with readable text as quickly as possible. Preseritatfon S 
know,, as best mode « stow but produces the highest image quality. Nornia? modJ is a^omisTbS S ' 
^,rcr«lT r !f ''""'^ ^'"^ to «^ between these tradeK,ffs. It al^ allows the prihteMo 

^ do l^i.^T.H P"'?t^9 "^^^^ i^ae quality, including: 1 ) the amount of ink placed on the media 

fZ^ i T' hI T^" "^^^^ ^"'^^ 3) the number of passes required to corhplete the 

S^frent Z^ZI!?"' T'"^^ '° P'"''"^ '""^ '^^"P^ '"""'P'^ ^'^'P hiding no^Te defects 

Different printmodes are also employed depending on the media type 

resu??n ".^^ilnf^r '"''^^^^'^ throughput on plain paper Use of this mode on other papers will 

resutt in too large of dots on coated papers, and ink coalescence on polyester media. The one pass modefe one in 
Which all dots to be fired on a given row of dots are placed on the medium in one swath of tSe^rin^a? andTh^Ihe 
print medium IS advanced into positkjn for the next swath. »ne prim neao. ana men tne 

A two-pass printmode is a print pattern wherein one-half of the dots available tor a given row of available dots oer 
swath are pnnted on each pass of the printhead, so two passes are needed to completo the S^to a giv^,^ rSw 
Typically^ each pass prints the dots on one-half of theswath area, and the medium is a^ance^S^^^^^^ 

topnnt the next pass as in the one pass mode. This mode is usedtoalkmtime for the inktoeva^^^^^^^ 

to dry. to prevent unacceptable cockle and ink bleeding. aporaie ana ine meaium 

Similarly, a four-pass mode is a print pattern wherein one fourth of the dots tor a given row are orinted on each 
pass Of the printhead. For a polyester medium, the four pass mode is used to prevent^unJLSeS Se^^^^^^ 
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the ink on the nnedium. Multiple pass thermal ink-jet printing is described, for example, in commonly assigned U.S. 
Pat. Nos. 4.%3,882 and 4,965,593. 

In general it Is desirable to use the minimum number of passes per full swath area to complete the printing, In 
order to maximize tha throughput. In the preferred embodiment of the preferred invention, all print modes are bidirec- 
5 tional. In other words, consecutive passes are printed In different directions, alternating left-to-right scene with right- 
to-left.. A printmode particularly suited for use with the present Invention is described in U.S. Patent Application, Serial 
No. - . filed concurrent herewith; entitled "BIOIREGTIONAL COLOR PRINTMODESWITH SEMI- 

STAGGARED SWATHS TO MINIMIZE HUE SHIFH- AND OTHER ARTIFACTS?' (Attorney Docket No. 6096029) which 
Is hefeiri iricdrpoVat^^^^^^^ 

10 The pattern used in printing each nozzle section is known as the ■printmode mask" or ■prihtmask", or sometimes 

just "mask." The term "printmode" is more general, usually encompassing a description of a mask, or several masks. 

used in a repeated sequenbe and theinumbe^^ required to reiaph "Yujl density," and also the number of drops 

per pl3«»i;d^ining ; : : 

A prihtitiidisk Is a bjhaiV ^iattern i^^^ exactly whk^ ink drpps fire printed in a given pass or, X6 put the 

IS sarrieithing in anotheii^^ way^^^^ are used to print each pixel. Iri ia printmode of a ceftaih number of passes, 

each pass should print, of all the ink drops to be printed, afiractibn equal roughly to the reciprobal of that numbec Thus. 

a priritiTiask is used to deten^^ This piiritmaslc ia^^ 

nozzle?? use^^^ 

Mother lriripo& inkjet printers is ifirip roper op^ratiorl or rnalf unction of ink ejection 

20 elements dlie^ tb fiailed^r^isiors, :ck>giged iibzzles, or some other causei The presence of malf uiibtionin g of ink ejection 
elements 6ann6t be S/isually! detected ahd thus, the presence of malfuhctioning of iirik ejection elements would be 
nnanifested by bad printer output. whk:h is wasteful since the subject matter intended to be printed would have to be 
printed again; 

Optical drop detect circuits are utilized in ink jet printers for various purposes including testing of the operation of 
25 ' inkdrop firing nozzles of a printhead and determinatton of the relative positions of the nozzle arrays of multiple print- 
' ^ heads. Optical drop detect circuits typically include a light sensor such as a photo diode which senses the light provided 
by a light source such as an LED. When a drop is present in the light path between the light sensor and the light sou rce. 
the output of the light serisor.changes since the amount light sensed by the light sensor is reduced by the presence 
of the ink drop. The output of the light sensor is typteally amplified arid analyzed to determine whether an ink drop 
30 passed through the light path between the light source and the light sensor. Alternatively, an optical detection system 
can determihe the f>r$s^^ 

Ah bptiGSI detiadtio^ ^ optical deft^ction 

system particulariy suited for uise with the prese^^ invention is described in U.S. Patent Application, Serial No. 
• . . . . .. fUed concurrent herewith, entitled "DETECTION OF PRINTHEAD NOZZLE FUNCTIONALITY BY 

35 OPTICAL SCANNING; OF A TEST. PATTERN" (Attorney Docket No. 6d?60i4) which Is herein incorporated by refer- 
ence. Other methbds of drop detection are described in U.S. Patent Nos. 5,434.430. entitled "DROP SIZE DETECT 
CIRCUIT" and 4,922.270, entitled "INTER PEN OFFSET DETERMINATION AND COMPENSATION IN MULTI-PEN 
THERMALfNK JET PEN Pf^lNTlNG SYSTEMS." which are herein in^^^ 

The print quality produced from ian inkjet device is dependent upon the reliability of its ink ejection elements. A 
40 multi pass print mode can partially mitigate the impact of the malfunctioning ink ejection elementis on the print quality 
However, when more than a few ink ejection elements are rhalfunctlohing, me rtiulti-pass print mod|3 ban ho longer 
solve the ima^e qjiialit^ problems, caus^ by the nrialf unctipning Inik ejection e^^^ ahd the pen Has to replaced in 
brder.tp obtain satisfacto^ 

Thb presient invention alfows brie to compensate for the "ma!fuhctk)nlng" Ink ejection elements or nozzles by sub- 
45 stituting for the maifunctioning nozzles with "properly functioning" nozzles. Malfunctioning nozzles can be a nozzle 
which IS either not firing or is firing with misdirection, small drop volume or some other problem. The method is trans- 
parent to the user and does not impact printer throughput. 

The optical print on media detection system, or pen health measurement system, in the printer will detect if an ink 
ejection element is malfunctioning. Once this is known one can define a printmask which will replace the malf uncttoning 
so ink ejection elements or nozzles by substituting them with "properly functioning" nozzles. 

The print mask defines the pass and the nozzle which will be used to print each pixel location, i.e., each row number 
and column number on the media. This information can be combined with the pen health information to find the pixel 
locations which will be printed by the malfunctioning nozzle. Since the printer knows this information, it can change 
the printmask so that pixel location will be printed in a different pass and by a different nozzle. 
55 The algorithm takes a printmask, and a list of malfunctioning nozzles, and replaces the malfunctioning nozzles 

with functioning nozzles. This can be achieved when you have multiple pass printmodes and altow functioning nozzles 
to print what the nozzle that is malfunctioning was supposed to print. 

The method of the present invention may be used with any printmode comprising two or more passes. The method 
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TABLEJ 



RowNumberOn 
the Printed 
Media 



ORIGINAL PF=?InTMASK 



Pass Number in 
VVhich th^^First 
12 Columns in 
the Rqw Are 
Printed 



Nozzle Number Used to Pririt io^^^^ i Through 4 tor tlie ldehiifie^ 



Pass 1 



Pass 2 



Pass 3 



Pass 4 



123412341234 



Row 2 



234123412 341 
341 2341 234T2 



1 



49 



97 



145 



60 



Row 3 

Row 4 
****** 

Row 48 



412341234123 



************ 



3 

4 

*** 

46 



51 
52 

"is" 



99. 

loo 

*♦♦■ 
144 



147 

148 
*** 

t92 



using this crfteria in this e^Z^l^e S>VZs2 X^'t!ZT. V*^ '""^ '^"^"^"''^ *° ^ 

2 which are in adjacent passes 3 an^i T^Jn^f , ! '° '^"'^^^ '^•^^^ "^3" "o^^'es 98 or 

TABLE .1 to e.lrninrmeZr,or printing wr^.^' '^^'^ ' ^"'^ ^^^^^^^ ^ 
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TABLE II 
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^0 



is 



MODIFIED PRINtMASK 


Row Number On 
the Printed Media: 


Pass Number in 
Which the First 
12 Columns in 
the Flow Are 
Printed 


Nozzle Number Used to Print in Pa« 


;ses 1 Through 4 for the Identified RoW' 






Pass 1 


Pass 2 


Pass 3 


Pass 4 


Row 1 


123412341234 


1 


49 


97 


145 


Row 2 


232123212321 


2 


50 


98 


Not Used 


: Row 3 


: 341234123412 




51 


99 


147 


FS6w 4 . 


41^341:234123 


■ 4 '/ ■ 


■&2.' 


ioo 


148 






**•■ 


■■**• 


*** ■ 


*•* 


:: Row 48- . 




■ . '48-- 


9e *.- 


144 


192 



From Row 2 in TABLE II rt can be seen that the columns 3. 7. and 11 that were originally to be printed in pass 4 
by nozzle 146 in accordance with the original printmask are now shown being printed in pass 2 as illustrated by the 
numeral 2's that are shown in boldface italic. Thus, the Row 2 is now printed: in only three passes, Le., passes 1 , 2 and 
3. These changes only relate to the portion bf the printmask shown in detail above where nozzle 146 is used. Obviously, 

2S ' there will be dthef changes in the other rows and columns of the pdritnr^sk where nozzle 146 is used for the rest of 
the page, but the methodology remains the same. 

As will be apparent to one skilled in the art, the procedure described above can be used with any printmode having 
two or nriore passes. The number of potential replacenieht nozzles of coursie Increases with the number of passes in 
the printmode. since the num^^^ pptential replacenDent nozzles is equal to the number of passes minus one. For 

3d example, the huriiber of pistehtial repldceitient nozzles ih a two-paiss prihtrnode would be one. while for a six-pass 
printmode It ;vi^uid :b^^^ 

the f 61 iow^g steps present ihveirition may be performed for the entire printmask at one time or performed 
individually for each pass. Referring to Fig. 7, in step 60, obtain the standard printmask for the printmode being used 
from either the printlBr driver, the printer's microprocessor control system, a lookup table in the printer's memory, or 

3S any other available source. In step 62, identify which nozzles are matfunctkxiing from the pen health measurement 
system, in step 64. for each of the malfunctioning nozzles, ascertain the potential replacement nozzles from the stand- 
ard printmask obtained in step 60 and the pen health measurement system. In step 66. select the most appropriate 
replacement nozzle from the available replacement nozzles based on appropriate criteria. In step 68, modify the print- 
mask by removing the nr^lf unction Ing nozzles from the printmask and replacing them with the selected replacement 

40 nozzles. , 

If in the above procedure all of the potential replacement nozzles are alsomalf unctioning. the printer/plotter can 
give the user the choice of continuing to print using the nnaif unctioning nozzles or installing a new pen. 

While partk^ular embodiments of the present invention have bee^n shown and described, It will be obvious to those 
skilled in the art that changes and modificattons may be made within departing from this inventk>n in its broader aspects 

45 and, therefore, the appended claims are to encompass within their scope all such changes and modifications as fall 
within the true spirit and scope of this invention. 



Claims 

so 

1. A method of correcting for matfunctk>ning ink ejection elements in a printing system using multiple passes over a 
recording medium, comprising the steps of: 

obtaining (60) a standard printnoask; 
ss identifying (62) ink ejection elements which are malfunctioning; 

ascertaining (64) from the standard printmask alternative replacement ink ejection elements for the ejection 
elements which are malfunctioning; 

selecting (66) replacement ink ejection elements from the alternative replacement ink ejection elements; and 
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Tn^iL^Jlfit^ /s ^ Standard printmask by removing the malfunctioning ink ejection elements from the printmask 
and replacing them wrth the selected replacement ink ejectioo elements to create a modified printrnrsk. 

2. The method of claim 1 wherein said obtaining step (60) includes obtaining data specifying a pixel qrkJ of rows and 

r tCiit: j ireS^s^rSS:"^ '''' '"^'"^^ -^'-^ - ^^-^ - 

^aZir: St^^^^^ ^'^'^ ^'^ '^-'^ to identify 

5. The method of claim 1 Wherein said ascertaining step (64) includes obtaining data 
specifying an alternative ink ejection element and an alternative pass to print a row of pixels. 

6. The method of claim 1 wherein said ascertaining step (64) includesc^^^ 

7. The method of claim ! Wherein sakJ ascertaining step (64) inpludte^^^^ . 

10. The method of Claim 1 wherein saw steps (60-68) ar^ perfonnGd for thea^^^^^^ 

11. The method of claim 1 wherein said steps (60-68) are perfomied for the printmask individually for each pass. 

''^'"'"^ ^ P'^'^l ^'"^ °' ^°ws and columns and the ink ejection element 
w^ich ejects on a particular row and column of the pixel grid in a particular pass- 
Identifying (62) ink ejection elements whteh are malfuncttoning- 

^i'S^Q f^f^iri!.?^!!^^ T ^i^^ f^^^^ «i««ion olements Which are malfunctioning; 
SSSviaSS^Z^^ V^'^'^. '"^ "'^ alternative replacement ink ejection elements; 

ZZ^nZZ oZTZV."^"^ replacement ink ejection elements to create a modified pdntmask; ar,d 
c%S:?;tS -"'P'^.-a-'n^ P^c^- the recordingr^edium in ac- 
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REPLACEMENT NOZZLES 







SELECT THE MOST APPROPRIATE 
REPLACEMENT NOZZLES 












MODIFY THE PRINTMASK BY REPLACING 
THE MALFUNCTIONING NOZZLES 
WITH THE SELECTED REPLACEMENT NOZZLES 
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